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Following a brief discussion on the background, applivibility,

a--' limitations mf th- Xolmogor.'. Tent, a computer progrntn of the

Kolmogorov Test for normality is described. The program is applicable

for testing the null hypothesis that a random sample is from a parent normal

population whose mean and variance are equal to those of the sample

distribution. Thp. program determines the minimum and maximum sample

values, computes sample estimates of the mean and variance of the

hypothesized normal distribution, and cocputes the Kolmogorov statistic.

Five optional significance levels (0.20, 0.15, 0.10, 0.05, and 0.01) are

available, and sample size limitations are 4 r n - 2500. An optional

feature provides for CRT plot output applicable for both hypothesis testing

and interval estimation.

The program is coded in FORTRAN IV for the IBM 7030 (STRETCH) computer.
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PORIWORD

The formulation of the computer program for the Kolmogorov

Test vas performed in the MathGmatical Statistics Branch of the

Operations Research Division. The coding of the program was performed

in the Operations Sciences irauch of the Computer Programming Division.

Dr. H. W. Lilliefors of the George Washington University supplied the

critical values which are tabulated within the program. The project

was supported under Foundational Research Project No. 29Y, "Computer

Programs for Statistical Analyses."

The daLe of completion was 15 December 1967.
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1. INTRODUCTION

The applied statiatician is often confronted with the problem of

investigating the distribution of iampled data. Because of tie desirable

characteristics of the normal distribution and because of the frequency

of occurrence of these characteristics in physical phenomena, a logical

approach to the problem ia an examination of the sample distribution

to determine if it can be approximated by a normal distribution, This

examination Is often accomplished by hypothesis testing, i.e., testing

the null hypothesis that the randomly observed sample data is from a

parent normal population,

The Chi-Square Test originally proposed by Pearson in 1900 appears

to be the most popular of the Goodness of Pit Tests. A comon criticism,

however, of the Chi-Square Test is the loss of power because of the requited

grouping of the sample data, e.g., see Hassey (951), Birnbaum (1952), or

Cochran (1954). In addition, to employ the Chi-Square Test to test for

normality, a minimum of four intervals (groups) is needed when the population

is not completely specified under the null hypothesis and the two population

parameters (4 and a2) are estimated by sample statistics, Consequently, the

Chi-Square Test is not applicable to very small samples.

An alternative distribution-free test proposed by Kolmogorov in 1933

does not have the objectionable requirements mentioned above for the Chi-

Square Test. That is, the Kolmogorov Test requires no £roupinp of the data

and the test is applicable to very small samples. Because the Kolmogorov

Test treats individual observations rather than grouped data, sample

information may be better utilized by the Kolmogcrov Test than by the

Chi-Square Test, see Birnbaum (1952). Studies by Massey (1951) and
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I
Kac, Kiefer, and Wolfowitz (1955) indicate that the asymptotic power

Iof the Kolmogorov Test im greater than that of the Chi-Square Test,
t

A recent paper by SlakLur (1967), however, shows that the Kolmogorov Test

t is not uniformly more powerful than the Chi-Square Test. Further studies
I

are necessary, in the opinion of the author of this report, to justify

z a preference of eiLher test on the basis of power. On the other hand,

the definite advantage of the Kolmogorov Test with respect to small

samples is sufficient justification for the applied statistician to give

serious cuni ... L.L.. .o the Kolmogorv Test.

II. THE KOLMOGOROV TEST

A. Background

The Rolmogorov Test for normality, like the Chi-Square Test for

normality, is a test for assessing the agreement of a sample distribution

with a parent normal distribution, While the Chi-Square Test is concerned

with the agreement of a sample distribution with a theoretical distribution,

the Kolmogorov Test is concerned with the agreement of a sample cumulative

distribution with a theoretical cumulative distribution.

Consider a random variable X with a continuous cumulative

distribution function (cdf), F(x), where

F(x) PKX , x, . . t(x)dx. (1)

Let x jx ... x F..,*x he a raudom sample of n observation, (or measurements)

of X. The empirical cdf corresponding to the random sample Of size n is

S,(x), where

{Sr(x) number of xI " x (2)

n(2

2
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The Kolmagorov StAtistic, D(n), is based on the maximum a olute deviatIon

between F(x) and S,(x) That is,

0(n) - Max IF(x) - S,(x), (3)

1(n) then is the tes4t statistic to test the nill hypothesis of no

difference between S,(x) and F(x),

Until recently the Kolmogorov Test was applicable for only completely

specified F(x) under the null hypothesis. That is, the standard tables,

such as Massey (1951), Birnbaum (1952), and Miller (1956), of critical

values for testing D(n) are not applicable if population paramecers of

the theoretical distribution are estimated by sample statistics. Lilliefors

(1967) provided a tabulation of critical values applicable whan the

theoretical distribution is normal and sample statistics are used to estimat,'

the two population parameters. The critical values, which were det ,rnined

by Monte Carlo calculations, are for five significan|ce levels (0.20, 0.15,

0.10, 0.05, and 0.01) for n a 4, Consequently, the Kolmogorov Test can

now be used to examine a sample distribution to determine if it can he

approximated by a normal distribution whose mean and varianc, are equal

to those of the sample distribution.
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B. The Kolmogorov Test for Nor litX

To distinguish the incompletely specified from the completely

specified theoretical distribution under the null hypothesis, a circumflex

is used denoting the use of sawple statiscics for the two population parameters

of the norwal distribution. Equation (1) then becomes

7(x) [ PC x) = 3 i(x)dx, (4)
-00

where

j(X) _ ( /1 M ) *p[-(X -) / 2 ]. (5)

and where the familiar statistics, T and s2, are

n n
r Ex 1/n and s2 = F(x 1-x--)/(n-l). (6)

Substituting i(x) for P(x) in equation (3), the Kolmogorov statistic

becomes

D(n) M max I (z) - S.(x) (7)

The null hypothesis that a random sample of n observations is

from a parent normal population is tested by comparing D(n) with the

critical value, DO(n), of TABU I. If D(n) 2! Da(n), reject the null.

hypothesis at the a-level of significance; otherwise, do not reject the

null hypothesis,

4



Da(n) CRITICAL VALUCS*

Sample - Level of Significance
S ize

n 0.20 0.15 0.10 0.05 0.01

4 .300 .319 .352 .381 .417
5 .285 .299 .315 .337 .405
6 .265 .277 .294 .319 .364
7 .247 .258 .276 .300 .348
8 .233 .244 .261 .285 .331
9 .223 .233 .249 .271 .311

10 .215 .224 .239 .258 .294
11 .206 .217 .230 .249 .284
12 .199 .212 .223 .242 .275
13 .190 .202 .214 .234 .268
14 .183 .194 .207 .227 .261
15 .177 .187 .201 .220 .25
16 .173 .182 .195 .213 .250
17 .169 .177 .189 .206 .245
18 .166 .173 .184 .200 .239
19 .163 .169 .179 .195 .235
20 .160 .166 .174 .190 .251
25 .1.42 .147 .158 .173 I0
30 .131 ,136 .144 .161 .187

Over 30 .736 .768 .805 .886 1.031

*From Lilliefors (1967), On The Kolmogorov-SirnoV Test for Normalilty

with Mean and Variance Unknown, Journal of the American Statistical
Association, Vol. 62, pp. 399-402 and personel covmunication of October 16, 1967
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The Kolmogorov Test is a two-sided test in that departures of

S,(x) in either direction from i(x) increase D(n). The rejection

region of D(n) is the region outside of the band F(x) :t Da(n), i.e.,

F(U) = F(x) + Da(n)

F(L) - D(x) -

That is, the null hypothesis is rejected at thie ci-level of significance

if S,,(x) passes outside this band. B~ecause S,(x) is a step-function,

S,(x) is constant for x(1..,) ! X < X(J), where x(,) is the j thorder

statistic. Therefore, if 33(x) passes into the lower rejecti.on region,

D(n) =F(x(j)) - Sa(x(j-l))l a Da(n), see Figure 1(a) ; if S, (x) passesi

into thie upper rejection region, i(n) -F(x(,)) - S, (xj)fl 2! DI(n) , see

Figure 1(b).

...... Upper
S'(x) ~Rejection FL

It 0 '0 ,Region

F(UL~~ / Rejection -

0 --- ~~*1Region Fx

(a) (b)

Figure
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In addition to the utility of DL,(n) for hypothesis testing, Dj(n)

may also be used for interval estimation. The 10O0(1-0)% confidence

limits for the "true" cumulative distribution function, F(x), are

S(L) < 7(x) < S(U), (9)

where

S(U) = Sa(x) + Da(n)

S(L) = S,(x) - Da(n)

III. COMPUTATIONAL PROCEDURE

Before performing the computations described in the provious

section, the n sample values are transformed by one of the foll.wIng

thirteen available transformations.

Trans format ion Number Trans format ion

I x4-x

2 x- lnx

3 x 4- ln(In(x))

4 x 4- ln(A+x)

5 x 4- ln(B+ln(C+x))

6 x fx

7 x 4-l /x

8 x 6- 1/(D+x)

9 x 4- sin- c

10 x - 2 sin'/x

11 x -x/E

12 x -sin x

13 x '- cos x

7



The transformations are identified on card type 3, and the constants

A,B,C,D, and E are input on card type 5 (see Section IV),

After ordering the n transformed sample values, thp subget

<: <X(2) < , < ,W) ' < xW ; k % n I

of sample data is considered. The empirical cdf, S,(x), is u'tiuiated

for each of the k unique sample values. To evaluate F(x), the k unique

sample values are standardized by substituting u = (x-3)/s in f(x).

The standardized pdf,

(u) =(/I)exp[-ku'l, (12)

is then used to evaluate 1(x) which becomes

A U

FX) = 1(u) J (t)dt. (13)

In addition to x(i), X(l), X(k) - X(,). n, 7, s2, and s, system

output consists of u, F(x), 81 (x), and jF(x) - S(x)l for each of the

k unique order statistics along with the identification of D(n). CRT

output consists of one or more of the four foillowing plot types.

Plot Type A - S.(x), F(x), F(U), F(L)

Plot Type B - S,(W), Fix), S(U), S(L)

Plot Type C - S,(x), S(U), S(L)

Plot Type D - Sa(x), F(x)

The desired plot type(s) are identified on card type 3.

8



IV. INPUT PRAPA'IATNo

A Deck Setup

The input deck is listed below oy card type. Multiple jobs

may be processed by stacking card types 1 through 6.

CAMt TYP I - JOB IDRYIFICTION CARD

CARD TYPE 2 - VARIABLK POWIAT CARD

CARD TYPE 3 - MAI CONTROL CARD

CARD TYPE 4 - ALPHA IDEN'TIFICATION CARD

CARD TY)E 5 - TINiPOJOATIO CONSTANT CAcD

CARD TYP 6 - ZAIFKA nTTA C CAR

B. Input r D mack Descripti Vr

Entries for variables with an I format specification must be

right-adjusted in the specifbed feeld.

Colun Fr~tVarableDesrnteoen

1-80 l8 JOI(l) - JOB(IO) Job Identification

CAR TY2 2 ,-VkARUBLZ. FORMAT CARD

CounForma..t Varia8ble l).s cr ip tion

1-80 WAS FKrT(1) - lqMT(1O) Format for reading
in the sample data. The
format specifications
must be enclosed in
parentheses.

CARD TYPE. 3 -MAIN CONTROL CARD

Co lumn Format.. VariLab l.. .. e Desecrip tion1

1-2 12 I UN Number of transforvations
to be performed
(1 ! NRUN < 13)

9



Format Va Desc iti

11 Ii ,ITRAN(l) 0 - Do not perform

transformation number I

I - Do perform
transformalon number 1

12 I I TAN(2) 0 - Do not perform

transformation number 2

I - Do perform
transformation number 2

23 I1 ITRAN(13) 0 - Do not perform

transfirmation number 13

I - Do perform
transformation number 13

25 12 NEDIU1 2 - Sample data is
input on cards

1 - Sample data i-
input on tape

31 12 IA 0 - Do not perform
plot type A
I - Do perform
plot type A

32 12 lB 0 - Do not perform
plot type B
1 - Do perform
plot type B

313 2 C 0 - Do not perform
33 plot type C

1 - Do perform
plot type C

34 12 ID 0 - Do not perform
34 12plot type D

I - Do perform
plot type D

40-41 12 NOTIC Number of desired tick

marks on the abscissa
axis (if left blank

NOTIC is set %-qual to 15)

10



Column orm Variable

44-45 12 IM(1) Number of decimal
digits to be used in
labeling abscissa tick
marks for transformationnumber I

46-47 12 LRA(2) Number of decimal
digits to be used in
labeling abscissa tick
marks for transformation
number 2

68-69 12 IRA(13) Number of decimal
digits to be used in
labeling abscissa tick
marks for transformation
number 13

74-75 12 NBR Number of sample

data per card
78 11 NC 0 - Card type 5 is not

input
1 - Card type is input

CAR TYPE 4 - ALPHA IDENT3FICATION CARD
To obtain plots, at least one alpha must be indicated,

Colum ForMat Variable Description

IALPF(I,!) I - Alpha = .20 is

desired for
transformation numbv, I
0 - Alpha = .20 is
not desired for
transformation number 1

2 II IALPHk(2,l) I - Alpha - .15 is

desired for
transformation number I
0 - Alpha = .15 is
not desired for
transformation numbei I

11



Colu . Format Variable Description

3 Ii IALPM&(3,1) I - Alpha - ,10 is
desired for
transformation number i
0 - Alpha = .10 is
not desired for
transformtion number I

I - Alpha - .05 is
desired for
transformation number I
0 - Alpha = 05 is

not desired for
transformation number I

51 IALPHK(5,1) 1 - Alpha = .01 is
desired for
transformation number 1
0 - Alpha = .01 is
not desired for
transformation number 1

6 11 IALPHA(1,2) 1 - Alpha = .20 is
desired for
transformation aumber 2
0 - Alpha = .20 is
not desired for
transformation number 2

65 II IALP HO(5,13) 1 - Alpha = .01 is
des .red for
tran!;formation number 13

0 - Alpha = .01 is
not desired for
transformation number 13

12



CARD TYPR 5 - TRANSFOI.ATION OOSTANT CARD

This card type is omitted if NC a 0 on card type 3.

Column Format Variable Description

1-14 F14.6 A Constant for
transformation number 4

15-28 F14,6 S Constant for
transformation number 5

29-42 F14.6 C Constant for
transformation number 5

43-56 F14.6 D Constant for

transformation number 8

57-70 F14.6 a Constgnt for
transformation number 11

CARD TYPE 6 - SAMPLE DATA CARD(S)

The sample size (n) must be 4 < n 9 2500. This card type is

omitted if MEDIUM = I on card type 3.

Column Format Variable Description

1-2 12 INST Blank - This is not the
last card containing
sample data
00 - Number of sample
data on the last
card or record

3-80 Variable XX The array of sample data
which must be input
according co the variable
format on card type 2

13



C, gos4uet Sheats

I! the smple data (card type 6) is input on purched cards, the

job request sheet is prepared as *hon below.

O,1 0I. 0r, k,, J. O,. WA A*1 12Ol 7309 3, ,

o" 
, ; OiTg, 5 1 It IC1r 

?IM# r I2 3
Co,,,I L 40 P ko D 2 1 n S I KI 3 1215/67

... t CALLED FON BY IPABLCtI PRO,RAM

OPtA 1 Iu C SClrat h
FILE POD(ILC'T ON

ASLO [J~L~ QOUP J,,, *
,0AD1,3901AML OUMNII

$i0 011 I L MANOL 1'411

OpDTOP' S CoaUM& TS[t,. ] o L o L- OOP " le' t t ., IM " " "IN "
SPECIAL tISTRUCTIOks (.psia vel pa tV re )

700 Jon "SQUITy HO,.NWL.422O, 1"CV. ,,.gi

If the sample data is input on tape, the tape number is written

on the J'7b request sheet instead of "Scratch". And the 'TU, NUL" card

(second card) of the IOD deck to prepared a follows.

1 Punch the letter "It'.

10-17 Punch 'U , NUL" (or 'UIL, PU!." if the tape is tike
protec ted).

18-21 Punch the number of the tape.

14



The CRT roquest. sheet is pre'pared as follocws.

tomAlr- CAMSnA OU~TP'UI 11iLM OR PAPE04 rCOPHES "RURST~W'PWL~ 800 N8e. "At5

P4GAME OOMi 9U1G, PHONE OAT t

KS-A3____ __

APPNOKIMA1'E MUM-MA OF FRAMEt%

The total nube f rqese o h os t~gocge
NUMB3ER 0F PAPEO C0WI'FAPE~kL87NAME

The number of cqpiq*_e i ed of arh pig
FOR OPERATORS ONLY

COUNTER READING %TAfVT FINISH

CAT% AND TIME PPIONLEM RA04

..rs
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B, CIT Output

The plots are performed by the system "GRF Plot Subroutine" and

are plotted on the CRT printer units. The plots are in an ordinary

Cartesian coordinate system with origin (x'l),O ) . The abscissa of

the system is the x'-axis. A zero (0) is plotted at the point (i',0.5).

The four types of plots are labeled as follows.

Plot Type A - S,(x), F(x), F(U), 1(L)

OBSERVED RIELATIE CWIULATIVE FREQUENCY,
TIEOETIAL ReIATME C.MIULATIVE FREQUtNCY, AND
CRITICAL REGION BOUI FOR ALPHA " y LEVEL OF SIGNIFIANCE,
D(ALPIh) - DA(n)

Plot Type B - S.(x), F(x), S(U), S(L)

OBSERVED RELATIVE CUMULATIVE FRIQUENCY,
TIEORETICAL RELATIVE CUMUIATIVE FREQUENCY,
100(1-a') PERCENT CONFIDENCE BAS FOR TIE THEORETICAL
CUMULATIVE DISTRIBUTION FUNCTION,
D(ALPHA) = Da(a)

Plot Type C - S,(x), S(U), S(L)

OBSERVED RELATIVE COWULATIE FREQUENCY AND THE
100(17A PERCENT CONFINCE BANDS FOR THE THEORETICAL

CUMULATIVE DISTRIBUTION FUNCTION

Plot Type D - S,(x), F(x)

OBSERVED AND THEORETICAL RELATIVE CUMULATIVE FREQUENCY

19



C. Program Runn~ing Time

The running time is printed at the end of each job processed. The

following table of observed times may be used as a guide for estimating

program running times.

Samole Size No. of Runs Total No. of Plots Time in Seconds

25 1 4 12.4

140 1 4 16.1

10 1 6 19.0

30 1 6 20.0

20 2 8 25.4

20 4 16 45.8

20 5 20 56.4

1000 1 2 54.6

VI. EXAMPLE PROBLEM

A. Problem Description

The example problem consists of 20 observations (x -values) randomly

sampled from a continuous distribution. Two runs were performed, one on the

original observations and one on the logarithmically transformed values.

Because the minimum original sample value was -750, transformation number 4

was used with the constant A = 751. All four available plot types were

performed. The 0.05-level of significance was chosen for testing the null

hypothesis of normality.

The input deck setup is illustrated on the following Data Card

Layout Sheet.

20
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D. Discussion of Test Results

To test the null hypothesis "The 20 randomly sampled observations

are from a parent normal population" at the 0.O5-level of significance ,

6(n) - 0.2568 (from the first run) is compared with Do0 c,(20) = 0.190. The

null hypothesis is, therefore, rejected at the 0.05-level of significance.

Note that the maximum absolute deviation appears at x(1o) = -699, and at

this point S,(x) has passed above F(U) into the upper rejection region

(see pages 24 and 25). To test the null hypothesis of normality of the

transformed random variable at the 0.05-level of significance, b(n) = 0.1615

(from the second run) is compared with Do.o[(20) = 0.190 (see page 31);

consequently, the null hypothesis is not rejected. Unlike run number !,

plot type A for run number 2 on page 32 shows S,(x) remaining within the

"acceptance" band, Therefore, we conclude at the 0.05-level of significance

that the original random variable is approximately log normally distributed.
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VII. PROGRAM LISTIM4

fs TYPEtCOMPILGO.PORTRAN9PM
T SUBTYPEoPIOO
10 IOD*TAPEs.,.EVEN,,SAVE
8 REFEL*NULXXX
8 2 IOCI98EADER

ENO
T SUBTYPEoF0PTRANoLMAPPUNCH
C KOLMOGOROV TEST FOR NORMAL ITY

DIMeNSION TASLECIS. 5)
DIMENSION J08410), FMT(1O)t IFILE(35)# ITAAN(13)o IALPHA (5.13).

I X(2500)9 U(1500)t ALPHA(S)., 0POW048500o) TZ"12O), T425011o IRA(13
2 It XX(2500)o 3(2500)o SNI(2900)o SN(2900), F(2900)* PN(500)*
3 PLaSOO)o FUf500). SL(25001s SUWtO0)
C0OMMON .PRIMEe XP(2v 12501t X2(P(2i 1250)
EQUIVALENCE (IFILEu.~ NRVN.o (I7ILE121o STRANCI))
1 UIFILE(31. ITRAN(2))i (IFPILE(4$s ITRAN(3) 1IPILE(S) ITRAN44)1*
2 (IFILE(6)o ITRAN(S)$s (IFILE(7) 1 RAN(6tlo (IFILE(S)o ITRAN(7)
3 (IFILE(9)i ITRANIB)), (IFILEfIO), ITRAN(9))o tIFILE(Me) ITRANgIo
4 1)* tIFILE(12)o ITRAN(II) (IFILE(13)9 ITRAN112119 (IFILE(Wo)
S ITRAN(13)1, (IFILE(1519 MEDIUM)., (IFILE116)o IA)o (IFILE117). t81

6 o (IFILE(I16)o JC19 (IFILE(1919 1019 1IPILE(20) NOTIC$
EQUIVALENCE (IFILE121). IRAt:I) (IFILE(ZE). MRAW2) IILE(23)9
lIRA31n IUP1LE2419 IRA(4H.* (IFILE(29)s IRA(S) (IFILE(26)o
2IRAt6l) (IFILE(2719 IRAC?) (IFILE(Me) IRA(S1) (iPILE(Me)
3IRA(9) (IFILE(301. IRA(10))* I1PZLI.931) IRACII)) (IFILE(32)o
41RA(12))* (IFILE(33)o IRA(13)). (IFILE(34)o NSP), (1PF1LE(35)t NC)
EQUIVALENCE fXP1.tI)9 X(IMo CXXP(Iol)o X2X(M)
DATA (ALPHA(S) I a to 5) (920o 915o .10. .05. .01)
DATA (TABLE(I.1l, I a 1. 28)

1(e300, .285, *265. .247. .233. *223. *225, @206. o1999 91909 .183.
2 *177. o1739 .1699 *1669 .163. .160. .1609 @160o &160. o16O9 *14&'.
3 *142* *142. .142, .1429 91319 s736)
DATA (TABLE (1.2). I a to 28)
I1e3l9s 6299o .277, 92589 9244o .233. .224, #217, .212 .202o .194.
2 @187, .182. .177, .173v .,169. .166# .1.6* *166, 10 .16 4. .lt 147o
3 91479 .147, *147* @1471 @,13G* o768)
DATA (TABLE (1.3)s 1 a Is 28)
1(@352t .3159 .294. .276. .261. #2499 .239. #2301 *223, *2141 .207,
2 .201. .195. .189, .164, .1799 .174% .174. .174t .174o s1749 .156.
3 e158. .151. .156. .118* .144, *805)
DATA (TABLE (1,4), 1 a 1. 28!
lfo3S1. .3379 .319. *300. .285. *271. &258. *249, .4242. .234, .227.
2 .220. .213, @2069 .200. .1959 .1904 .190. .190o .190* .190. 91739
3 .173. .173. .173. 173. .1619 e886)

DATA (TABLE tIeS). I a 1* 28)
I(et179 9405o .364, *348* .331* .311o .294. o2649 92751 .266. .261o
2 .257, .250. .245o .239, .235, 9231o .2319 #231, 9231o .231, .200#

*3 .2009 .200. .200, .200. .187* 1.0311

CALL CRTID (4HKSA3)
CALL GRSI (.06652, o06652a 1.t .06652)
CALL SETIT
CALL MOVE (0., xPe 5000)

C READ INPUT
100 READ 110o JOB. FMT
110 FORMAT (10AG/ I0A8)

READ 120, WFILE
120 FORMAT (12. SX9 13119 IX, Its 5X* 411, 5X* 12, 2Xo 1312, AX, 12,

lax* 11)
READ 130a IALPHA
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130 FORMAT 465111

IF tNCI 1400 ieO 140

140 READ 1509 A, 5, Co D, E
150 FORMAT (5F14.6)

160 K w I

KK x NOR

170 REAO (MEDIUM$ FMT) ITEST, 4XX(lit I u KKK)
150 1F (ITEST) 200; 190f 200
90 K •K + NOP

KK •KK + NBR

GO TO 170
200 N K + ITEST -1
210 IRUN w 1

C TRANSO OtRATION I
IF (ITRANII)) 220. 240o 220

220 DO 230 1 w It N
230 X(li) XX(I)

IT a I
ASSIGN 240 TO ILINE
GO TO 740

C TRANSFORMATION 2
C40 IF (ITRAN(2)1 2501 290. 250
250 IT " 2

ASSIGN 290 TO ILINE
DO 280 I w 1. N
IF(XX(I) 260, 250s zO

260 PRINT 270. IT
270 FORMAT (244 ERROR IN TRANSFORMIATION 3X* 12 3X.21HLN OF NEGATIV

IE NUMBER)
GO TO 1330

to X(l) z ALOG(XX(Ill)
GO TO 740

C TRANSFORMATION 3
290 IF (ITRAN(3)1 300, 330. 300
300 IT w 3

ASSIGN 330 TO ILINE

DO 320 i a I* N
IF (XX(I)) 310. 320, 320

310 PRINT 270, IT
GO TO 1330

320 XCI) U ALOG( ALOG(XX(II))
GO TO 740

C TRANSFORMATION 4
330 IF (ITRAN(4)) 340. 370o 340
340 IT w 4

ASSIGN 370 TO ILINE
DO 360 1 a 1t N
ARG r A + XX(I)
IF (ARGI 350. 360, 360

350 PRINT 270. IT
GO TO 1330

360 X(I) = ALOG (ARGI
GO TO 740

C TRANSFORMATION 5
370 IF (ITRAN(511 380. 420, 380
380 IT • 5

ASSIGN 420 TO ILINE

00 400 I t o, N
ARG x C + XX(I)
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IF LARG) 410# 39O. 390

390 ARG2 u B + ALOG(ARG)
IF (ARG21 410, 400, 400

400 X(I II ALOG IARG2)
GO TO 740

410 PRINT 2709 IT

GO TO 1330

C TIANSPORMAT ION: 6
420 IF fITRAN(6)) 4304 4709 430

430 IT a 6
ASSIGN 470 TO ILINE
00 460 1 m | o N
?Fe (xxt!)l 440*, ,.0s, 460

440 PRINT 450, IT450 FORMAT (24H ERROR IN TRANSFORMATION. 3X* 12s 3Xs 32HSOUARE ROOT
IOF A NEGATIVE NUMBER)

GO TO 1330

460 X(I) a SORT(XX(i))
GO TO 740

C TRANSFORMATION 7
470 IF (ITRAN(V)) 480. 5209 460
480 IT a 7

ASSIGN 520 TO ILINE

00 510 1 s to N
IF (XX(I)) 510o 490o 510

490 PRINT 500. IT
500 FORMAT (24H ERROR IN TRANSFORMATION. 3X 12, 3X, IIHZERO DIVIDE)

GO TO 1330
510 XIl) * to0/ XX(I)

GO TO 740
C TRANSFORMATION 6

520 IF (ITRAN(IS) 5309 560, 530
530 IT a 8

ASSIGN 560 TO ILINE
00 550 1 m to N
ARG a 0 + XX(I)
IF (ARG) 550. 540# 550

540 PRINT 500s IT
GO TO 1330

550 XCI) a cO0/ ARG
GO TO 740

C TRANSFORMATION 9
560 IF IITRAN(9)) 570. 610. 570
570 IT a 9

ASSIGN 610 TO ILINE
00 600 1 a I* N
ARG a Io - XX(I) * 2
IF (ARG) 580, 580, 600

580 PRINT 590, IT
590 FORMAT C 24H ERROR IN TRANSFORMATION* 3X 12. 3X. 47HZERO DIVIDE

I OR SIUARE ROOT OF A NEGATIVE NUMBER)
GO '0 1330

600 XI) w ATAN (XXII)/ SORT IARG))
GO TO 740

C TRANSFORMATION 10
610 IF (ITRAN(IO)) 620, 650, 620
62') IT a 10

ASSIGN 650 TO ILINE
DO 640 1 a 1s N
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ARG t I* - XXII)

IF (A"e sGT. O,.AND& XX(tI .GE. 0.) 0 TO 640

630 PRINT 990o IT
G0 TO 1330

640 X(l) a 2. # ATAN (SORT (XX(I)/SORT(ARG))

GO TO 740
C TRANSFORMATION It

650 IF (ITRAN(II)) 660. 690. 660

660 IT wI1
ASSIGN 690 TO ILINE
00 680 1 a I, N
IF (E) 680, 670. 600

670 PRINT 900, IT
GO TO 1330

680 X(I) a XX(l)/E
GO TO 740

C TRANSFORMATION 12
690 IF (ITRAN(121) 700o 720. 700
700 00 710 I It N
710 X(I) m SINIXX(I))

IT u 12
ASSIGN 720 TO ILINE
GO TO 740

C TRANSFORMATION 13
720 DO 730 1 a to Nn

730 X(Il * COS(XX(I)
IT • 13

C PRINT INPUT
740 PRINT 750. JOB. FMT
750 FORMAT (!111 IOAS/ 23H FORMAT FOR SAMPLE DATA. 5Xo IOA8)

PRINT 760, NRUNo IRUNe (IFILE(I)o I* Z 19)
760 FORMAT (15H NO. OF RUNS 9 * 12. SX9 7HIRUN • o 12/

121H TRANSFORMATION I a* It* 5X9 2OMTRANSFORMATION 2 x * Ile 5X.
2 20HTRANSFORMATION 3 n * ile SX9 20"TRNSFORMATION 4 * 11/

3P'H TRANSFORMATION S w o 1i1 SXa aOMTRANSFORMATION 6 a s It. 5x.
4 ZONTRANSFORMATION 7 a t Ile 5Xi 20HTRANSFORMATION 8 z , /

521H TRANSFORMATION 9 a * Ile 5X* 2OTRANSFORMATION 10 m * 11. 5Xs

6 20HTRANSFORMATION 1i a t Ile SX. 2OHTRANSFORMATION 12 =* /

721H TRANSFORMATION 13 . 9 Ile 5X. 9HMEDIUM s I ]2/
811H PLOT TYPE A a * lsIX. 14HIPLOT TYPE B x I1.11IX, 14HPLOT TYP
9E C a . Io eIX. 14HPLOT TYPE D a * 11)
PRINT 7709 (IFILE(I), I * 20, 35), ITEST. IALPHA

770 FORMAT ( 9M NOTIC a 9 12o 16X* 6NIRA • , 13( 12o IX)/ 7H NBR a
11I2 iX9 SNNC a * Ile 20X# SHITEST a , 12/24H ALPHA IDENTIFICATION
2 s 13(511o IX))
IF (NC) 780. oo* 780

780 PRINT 790. A. B. C. D, E
790 FORMAT (29H TRANSFORMATION CONSTANT CARD. 3Xo 4HA a q F14.6, 3X,

* I 4H1 0 a F146, 3Xs 4HC - . F14*6/32X, 4H0 a o F14.*6 3X, 4HE = s
2 F14.61

800 NM a N/2 + 040D IN,2)
NN a 0

810 NK w NN + 1
NN a MINO (50o NM) +NN

C PRINT ORIGINAL AND TRANSFORMED DATA
PRINT 820,((XXP(J.I), XPIJ9J)# J 0 1*2). 1 wNKsNN)

820 FORMAT (1mi, 9Xo 13HORIGINAL DATA. I5X9 16HTRANSFORMED DATA, 16x,

II3HORIGINA DATA. 5Xo 16HTRANSFORMED DATA/ (bX# F20,10, OoX. F206
210. lOX. FZO.I0* lOX. FaOelO)n
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NM. NM-SO

iF (NM) 830o 830, 810
SORT DATA

830 K a N- 
DO 850 Iul K
11 a I + I
DO 850 J - Its N
IF CXCU) - X(J)) 850o 850* 540

840 TEMP * X()
X(J) * X(I)

X(l) R TEMP
850 CONTINUE

C ESTABLISH PARAMETERS FOR PLOTS
XMI w X(l )

XMA z XfN)
RANGE a XMA - XMI
IF (NWjTIC oEQ. 0) NOTIC a 15
DX a RANGE / FLOAT(NOTIC)
TEN (1) a lOsE-tO
IF (DX *GT- TEN(l)) GO TO 860
OX a TEN(1)

GO TO 900

860 IF (DX *LT. IOEIO) GO TO 870

DX a lOsElO

GO TO 900
870 DO 80 N 2o 20

TEN (M) u 10"4 (M - 11)
IF (OX ,GTo TEN(M-I) *AND.OX *LE* TEN(M)) GO TO 890

880 CONTINUE
890 NDX a DX/ TEN(M-li + .9

Ox a FLOAT (NDX) * TEN(M-)
900 DELTA a RANGE/ 500*

FLN m FLOAT(N)

SUM = 0.
SUNSO X 0.

C COMPUTE AND PRINT MEAN ADO VAR|ANE

DO 910 I a Is N
SUM a SUM + X(I)

910 SUMSO a SUMSO + X(I) * X(;)

XBAR a SUM/ FLN
SIGMA2 a (SUNSO - FLN * XBAR ** 2)/ (FLN - 1s)

SIGMA a SORT (SIGMA2)
PRINT 920, XNI* XMA9 RANGE# No XBAR, SIGMA2* SIGMA

920 FORMAT (IH*0 BX4 IQHMINIMUM * E15*8. 20X* IOHMAXIMUM 4 . ElS*8*

lioxe aHRANGE a o E1,8i SXo 14HSAMPLE SIZE c o 15, 33X* 7HMEAN =
29 ElS.,B/ aXe ItHVARIANCE n . EI5v8 9X9 21HSTANDARD DEVIATI IN =
3E15o8)

C COMPUTE EMPIRICAL COF
DO- 0.

IFREQ (j) * 0
00 990 I is N
IFREQ0J) u IFREQ(J) + I

IF (X(I) -X(I+I)) 930o 990. 930
930 XCJ) a X(I)

UCJ) a (XIJ - XBAR)/ SIGMA

F(j) a FREQ(U )?

S(J) x FLOArCI)/ FLOAT (N)

C DETERMINE TEST STATIS'iC D



SNti) ASS IF(J) -. J))
IF (J 1) 950 9404 950

940 SNI i1) a ABS (F(J)
GO TO 960

950 SNI(J) a ABS (F(J) S(J -1))
960 ZMAX a AMAXI (SN(J) SNICJ)l

IF (ZMAX - D) 980 )80, 970
970 JJ = J

DO a ZMAX
980 J a J + 1

IFREO (J) 0
990 CONTINUE

C PRINT STATISTICS
I J J - 1

IIuJ
IK "0

1000 IL. IK +
IK - MINO (50, I1) + IK
PRINT 1010

1010 FORMAT IH1, 54X, 29HKOLMOGOROV TEST FOR NORMALITY//3Xe IIHOR
IDER INDEX, 6X. 11HTRANSFORMED,1BX9 12HSTANDARDIZEDo lX9
2 15HTHEOPETICAL CDF. 2X, 12HOSSERVED C00F 3X9 1A4ASSOLUT
3E VALUE, 3Xs 14HAeSOLUTE VALUE/ 7X9 3H(J)o 1IX, 9HDATA X(J)s

4 7X, 9HFREQUENCY9 4X,
512HVARIATE U(Jl, 5X9 4WF(J), 12X, 4HSCJ)* 9X, I1HF(J)-S(J-I), 7X9
69MW (J)-S(J)/)
PRINT 10209((l X(le IFREQ (I) U(I), F(Il) S(I )o SNI(I), SN()
1). I "ILtIK)

1020 FORMAT (6i 14o 6X, F14.6, lOX# 149 4X, F14ll lX. F14912o
1 2X, Fl4l2o IX, F14.13, 2X9 F14.13)

i a It - 50
IF (11) 1030s 1030, 1000

1030 PRINT 1040s JJ, DD
1040 FORMAT 1 3HOD(O 14, 4H) a 9 F74)

T() a XMI
C COMPUTE THEORETICAL CDF

DO 1050 L t o, 500
UV a (T(LI - XBAR)/SIGMA

FN(L) x FREQWV)
IF (T(L) *GT* XNA) GO TO 1060
TIL+lI a T(L 4 OF-LTA

1050 CONTINUE
1060 DO 1320 II u 1. 5

C OBTAIN VALUE FOR D SUB ALPHA OF N
IF (IALPHA (Its IT)) 1070s 1320, 1070

1070 IF (IA *EQ* 0 oANDo IS *EO* 0 *AND* IC *EQo 0) GO TO 1150
IF (N - 30) 1080, 1080, 1090

1080 NN a N - 3

DALPHA m (TABLE (NNs II))
GO TO 1100

1090 DALPHA a TABLE (28o III/ SORT(NI
1100 IF liB oEO 0 9AND. IC *EQ@ 0) GO TO 1120

C COMPUTE CONFIDENCE LIMITS
DO 1110 1 m is J
SUI) a 5(1) + DALPHA

1110 SL(1 a 5(1) - DALPHA
1120 IF (IA) 1130, 1150. 1130

C COMPUTE REJECTION REGION

1130 DO 1140 1 - Is 500
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FV) UP1FN(I) + DALPHA

1140 FL(?) FNiI) - DALPHA
C~.'**P L 0 T S

C HEADINGS
115) DO 1310 KK a 1*4

I (IFILF (KK + 15)1 160. 1310+ 1160
1160 POINT 1170o JOB* IRUN* N
1170 FO MAT (2H6I2 15X. IOAa/ IHS. 15X IINHUN NUMBER , 12# 6H WITH ,

115s 13H OBSERVATIONS)

GO TO (1180. 1200. 12201 1240). KK
C HEADINGS FOO PLOT TYPE A

1180 PRINT 1190a ALPHAIII). DALPHA

1I10 FORMAT (II5X, 394OSSERVED RELATIVE CUMULATIVE FREOUENCY@/ IHN,
11

5
)k, 4NTHEOPETICAL RELATIVE CUMULATIVE FREQUENCY. AND/ INS,

215X4 34MCRITICAL REGION BOUNDS FOR ALPHA at FP52, 3XK
22HLEVEL OF SIGNIFICANCEe/IHS, 1IX* IIHO(ALPHAI , FP53)
20 TO 1260

C NEADINGS FOR PLOT TYPE B

1200 IC8 n 100o * tl - ALPHA(IfI) + *5
PRINT 11O. IC8# DALPHA

1210 FORMAT (IHS.I5X, 39HOOSERVED RELATIVE CUMULATIVE FREOUENCYs/ IlSe

IISX, 42HTHEOr&TICAL RELATIVE CUMULATIVE FREOUENCY./ I"$$
11.X, 12slx,7SHPERCENT CONFIDENCE BANDS FOR THE THEORETICAL CUMULAT
?IVE DISTRIB.PTION FUNCTION,/ IHSel5X, IIHO(ALPHA) a, F53)

GO TO 1260
C HEADINGS FOR PLOT TYPE C
1220 ICB a 00. * (1s - ALPHA(II)) + *5

POINT 1230o ICB
t230 FORMAT (IH$SISXK 46HO1BSERVED RELATIVE CUMULATIVE FREQUENCY AND THE

I/ IHSelSX, 2, IXK77HPERCENT CONFIDENCE BANDS FOR THE THEORETICAL C
2UMULATIVE DISTRIBUTION FUNCTION)

GO TO 1260
C HEADINGS FO PLOT TYPE D

1240 PRINT 1250
1250 FORMAT ( IHSvI5X 54HOBSERVED AND THEORETICAL RELATIVE CUMULATIVE

1FREOUENCY)

C PLOT MEAN AND S(X)

1260 CALL GAP (XMI. 0.. XNAo Is* XMIs OoDXoO5.IRA(IT)o2sOo I# XBAR.

1 650 I, 1. 2H12. -1. 0)
CALL GRF fXNI9 0.. XNA. lot XNI. 0.* OX.O05IRAfIT)v2.I. Jo X()o
I S(I). It I 2H75, 0. 0)

GO TO (1270* 1280. 1290. 1300). KK
C ADDITIONAL CURVES FOR PLOT TYPE A

1270 CALL GRF (XMI. 0. A XMA. lot KNI. Ot DXeo05IRA(IT),2tIlOOOeTII)o
IFN(I). I 14 ZH75*-Io 0)
CALL GRP (XNI, 0.. XMAs lot XMI, 0.. OXtO5sIRA(IT)o2sIsIOOO#TtI).

IFL(I), Is I* 2H75-It 0)
CALL GRF (X NI 0.. XMAs I. XM! 0-. DX,*O!.IRA(IT)#2I#IOOOsT(1)
IFUI)o 1. to 2H75-I. 0)
GO TO 1310

C ADDITIONAL CURVES FOR PLOT TYPE B

1280 CALL GRF tXMI. O. XMA# ;* XMI* 0.. DX.05vIRACIT)o2.IsI0OOOT(I)o
IFN(I. I* 1 2H75.-). 01
CALL GRF (KM), 0.. .:'* 1. XMI, Oct DX*o05aIRACIT)*2*Iv Js X(C!)
IL(I) 1. 1. 2 H75. ; 0)
CALL GRF (XMIs O. XMA, lot XMI, 0.. OXtoOSIRACIT)o.2l, J# X(I)

ISUCI)* 1 1 2H75s o 0)

GO TO 1310

C ADDITIONAL CURVES FOR PLOT TYPE C
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ISL(1)* ti H5 f0
CALLGRF(XMI, 9 XMA, 1*. XMIs O.. DXo*05*IRA(IT)*2*14 Jo X(2)l

ISU(1)o Is to 2H4756 0. 0)
GO TO 1310

C ADDITIONAL CURVES FOR PLOT TYPE D)
1300 CALL G3RF (XM!. Ott XMA* I** XMI* O.f DXv*O5t!RAIIT)*2*11lOO0,TlII,

IFN(1)o Is 1. 21475.-Is 0)
1 310 CONTINUE
1320 CONTINUE
1330 IRUN a IRUN + I

* IF (IRUN - NLJN) 1340, 1340, 1350
1340 GO TO ILINE
1350 CALL INTVL QZ)
2360 FORMAT (19HOTIME IN SECONDS a*F2092)

PRINT 1360. Z
GO TO 100
END

T SUBTYPE*DATA
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